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Intercalation  Reactions  of  Monovalent  and 
Divalent  Cations  in  V^Ou  Single  Crystals 
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The  use  of  V$Oi3  as  3  cathode  material  in  non- 
aqueous  lithium  secondary  batteries  was  originally  reported 
by  Murphy,  et  al.  in  1979  [1],  Subsequently,  the  Li/V§Oi3 
couple  has  been  the  subject  of  intense  research  by  various 
groups  [2-6].  From  a  secondary  battery  application,  the  key 
areas  of  interest  for  the  cathode  is  defined  by  high  electronic 
conductivity,  high  reversibility,  high  diffusivity  (leading  to 
high  power  densities),  wide  composition  range  (allowing 
high  cell  capacities)  and  minimal  structural  change  with 
composition,  and  in  this  respect  lithium  satisfies  most  of  the 
criteria.  The  theoretical  energy  density  of  the  Li/VgOn 
couple  is  890  Wh/kg,  which  is  considerably  greater  when 
compared  to  some  of  the  other  intercalation  cathodes  such  as 
Ti$2).  This  value  together  with  the  relative  ease  of 
manufacture  of  VgOn  makes  it  a  highly  promising  cathode 
material  in  rechargeable  lithium  batteries.  However,  the 
safety  and  cycle  life  of  ambient  temperature  secondary 
lithium  batteries,  usually  associated  with  the  high  reactivity 
of  elemental  lithium  anode,  poses  a  serious  problem.  This 
may  be  overcome,  however,  by  finding  alternative  anodes 
which  may  be  more  stable  and  have  reasonable  energy 
densities. 

So  far  there  is  no  report  in  the  open  literature  on 
intercalation  studies  pertaining  to  cations  other  than  lithium. 
It  would  be  highly  desirable  if  V^On  was  reversible  to  other 
canons  from  a  battery  technology  viewpoint. 

Previous  emphasis  has  been  placed  on  studying 
polycrystalline  VgOu-  1°  order  to  establish  fundamental 
properties,  single  crystals  need  to  be  investigated. 

In  this  laboratory,  the  process  for  growing  large 
single  crystals  has  now  been  well  established.  The  first  pan 
of  the  investigation  was  to  reproduce -the  work  already 
performed  for  Li+  insertion  into  the  single  crystal  material. 
This  was  completed  successfully  by  utilizing  cells  made  of  a 
lithium  anode,  a  V6O13  single  crystal  as  cathode  and  UCIO4 
dissolved  in  propylene  carbonate  (PC)  as  the  electrolyte. 
Thermodynamic  EMF  vj  composition  curves  obtained  by 
titrating  lithium  ions  into  the  cathode  were  consistent  with 
literature  values. 

The  work  has  now  been  extended  to  include  anodes 
such  as  Zn,  Cu,  Mg,  Na  and  Ca.  The  initial  results  indicate 
that  Zn  and  Cu  may  be  inserted  and  removed  reversibly  from 
the  VgOu  cathode. 
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